A phytotoxic compound was isolated from the root extracts of Cymbopogon nardus by bioassay-guided purification and characterized to be myrislignan. Myrislignan significantly inhibited seedling growth of cress at a concentration greater than 100 μM (p < 0.05). The concentrations required for 50% growth inhibition of myrislignan on hypocotyl and root growth of cress were 429 μM and 517 μM, respectively. The inhibition on seedling growth indicated that myrislignan had a phytotoxic activity and may contribute to the phytotoxic effect of C. nardus.
Natural products come with the idea that they are safe for ecosystem and human health. Many natural compounds have been used for medicines, cosmetics, foods, biopesticides etc. Natural active compounds with phytotoxic property are needed to explore and utilize as an alternative weed management to reduce the adverse effects of herbicides.
Citronella grass (Cymbopogon nardus (L.) Rendle) is a medicinal herb that typically uses as an insect repellent, especially for mosquito [1a,1b] . Citronella grass is cultivated on a large scale for extraction of essential oil and citronella oil has been use for aromatherapy and industrial production, such as soaps, perfumes, cosmetics etc. [1c,1d,1e] . Moreover, our previous study showed that an aqueous methanol extract of roots of C. nardus strongly inhibited shoot and root growth of the tested species when compared with its leaves and stalks [2a] . Therefore, the objectives of this study were to isolate and identify of the compound responsible for the phytotoxic activity and to determine its biological activity on seedling growth.
The root extract of C. nardus was subjected to bioassay-guided fractionation to isolate active phytotoxic compounds and a growth inhibitory substance was finally isolated by HPLC. The molecular formula of the compound was determined to be C 21 Myrislignan is a major acyclic neolignan in seeds of Myristica fracgrans [3a] . A few studied have been reported on the biological properties of myrislignan, such as deterrent feeding activity in rat [3a] , anti-inflammatory in lipopolysaccharide-stimulated macrophages cells [3b] , and inhibitory activity against the production of nitric oxide [3c] . However, there is a lack of information about phytotoxic activity of myrislignan.
This present study showed that myrislignan had a phytotoxic activity against the seedling growth of cress. The compound had a significant inhibition at a concentration greater than 100 μM (p < 0.05) ( Figure 1A ). Hypocotyl and root growth of cress seedlings were decreased by increasing myrislignan concentrations ( Figure 1B ). The concentrations required for 50% growth inhibition of myrislignan were 429 μM on hypocotyl and 517 μM on root growth of cress.
It was reported that distillation waste of Citronella java was effective as an organic mulch to control weeds in citronella field [2c] . Effectiveness of C. java distillation waste on control weeds, soil moisture conservation and soil temperature moderation has also been reported [2d,2e] . The extracts of C. nardus strongly inhibited several test plant species [2a] . In this study, myrislignan was isolated from citronella grass as a growth inhibitor. Therefore, myrislignan may have a phytotoxic property and the distillation waste of citronella grass may be an efficient weed control in field condition.
Experimental
Plant materials: Roots of Cymbopogon nardus were collected from Chiang Mai, Thailand, in May 2014. Soil particles were removed from the plants by washing with running tap water. The plants were then dried, ground into a powder and kept at 4°C until extraction. Cress (Lepidium sativum L.) was used as the test plant for evaluating biological activity.
Extraction and purification of phytotoxic compounds: Plant powder (500 g) was extracted with 2 L of 70%, v/v, aqueous methanol for 48 h and filtered through filter paper (No. 2; Toyo Ltd., Japan). The residue was extracted again with cold methanol for 24 h and filtered. The two filtrates were combined and evaporated using a rotary evaporator at 40°C to produce an aqueous residue.
The aqueous residue was adjusted to pH 7.0 with 1 M phosphate buffer and partitioned 3 times with an equal volume of ethyl acetate. The ethyl acetate fraction was dried over anhydrous Na 2 SO 4 , filtered and evaporated to dryness. The residue was loaded onto a column of silica gel (60 g, silica gel 60, 70-230 mesh; Merck) and eluted stepwise with n-hexane that contained increasing amounts of ethyl acetate (10% per step, v/v; 150 mL per step) and methanol (300 mL). The biological activity in every fraction was determined using a cress bioassay as described below. The inhibitory fraction eluted by 60% ethyl acetate in n-hexane was evaporated to dryness. The active residue was loaded onto a column of Sephadex LH-20 (100 g, Amersham Pharmacia Biotech, Buckinghamshire, UK) and eluted with 20, 40, 60 and 80%, v/v, aqueous methanol (150 mL per step) and methanol (300 mL). The inhibitory fractions eluted by 60 and 80% aqueous methanol were combined and evaporated to dryness. The active residue was then purified using a reverse phase C 18 cartridge (1.2 × 6.5 cm, YMC Ltd., Kyoto, Japan) and eluted with 20, 40, 60 and 80%, v/v, aqueous methanol and methanol (30 mL per step), with ten replicates. The inhibitory fraction eluted by 60% aqueous methanol was evaporated to dryness. The sample was finally purified by reverse phase HPLC (250 × 4.6 mm, Inertsil ODS-3, GL Sciences Inc., Japan), eluted at a flow rate of 0.8 mL min -1 with 50% (v/v) aqueous methanol, detected at 220 nm. A compound with phytotoxic activity was eluted at a retention time of 122 min, as a colorless residue. The chemical structure was determined as myrislignan [2b] .
[α] D 26 : +7.3 (c 0.03, MeOH). 1 H NMR (400 MHz, CDCl 3 ): δ H 6.84-6.87 (m, 3 H, H-2, 5,6), 6.44 (s, 2 H, H-3', 5'), 5.91-6.01 (m, 1 H, H-8'), 5.12 (m, 1 H, H-9'), 5.10 (m, 1 H, H-9'), 4.60 (d, J = 8.6 Hz, 1 H, H-7), 3. 85-3.95 (m, 1 H, H-8), 3.88 (s, 3 H, H-10), 3.87 (s, 6 H, H-11, 12), 3.35 (d, J = 6.9 Hz, 2 H, H-7'), 1.18 (d, J = 6.4 Hz, 3 H, H-9). 13 C NMR (100 MHz, CDCl 3 ): δ C 152.8 (C-2', 6'), 146.6 (C-3), 145.4 (C-4), 137.2 (C-8'), 109.6 (C-2), 105.6 (C-3', 5'), 86.8 (C-7), 79.2 (C-8), 56.1 (C-10, 11, 12), 40.7 (C-7'), 17.7 (C-9) . HRESIMS (m/z 397.1617 [M+Na] + , Δ = −1.0 mmu, calcd for C 21 H 26 O 6 Na, 397.1627).
Cress bioassay: Phytotoxic activity of all fractions obtained from each purification step was determined using a cress bioassay. A portion of the fraction (at final assay concentrations 100 and 300 mg dry weight equivalent extract/mL) was added to a sheet of filter paper (No. 2) in 28 mm Petri dishes and the solvent was evaporated in a fume hood. Ten seeds of cress were arranged on the filter paper that moistened with 0.6 mL of 0.05%, v/v, aqueous solution of polyoxyethylenesorbitan monolaurate (Tween 20; Nacalai, Kyoto, Japan) in the Petri dishes. An aqueous solution of only Tween 20 was used as the control treatment. The hypocotyl and root length of cress were measured after incubation for 48 h in the dark at 25°C. The inhibition percentage of hypocotyl and root growth of the treated seedlings was calculated by reference to the length of hypocotyl and root of control seedlings. The bioassay was conducted with three replicates (10 seeds/replicate) and repeated twice (n = 60). Statistical analysis was performed using SPSS version 16.0 using one-way ANOVA.
Bioassay of myrislignan:
The phytotoxic activity of myrislignan was determined at the concentrations of 10, 30, 100, 300 or 1000 μM using a cress bioassay. The compound was dissolved in methanol to prepare a stock solution, and an aliquot of the solution at the indicated concentrations was applied to a sheet of filter paper in 28 mm Petri dishes, as described above. The concentrations required for 50% growth inhibition (I 50 ) were calculated from the regression equation of the concentration response curves.
